We use Hi observations made with the upgraded Arecibo 305M Telescope in August 1998 to obtain accurate spin vector determinations for 54 nearly edge-on galaxies in the Minnesota Automated Plate Scanner Pisces-Perseus Survey (MAPS-PP). We introduce a simple observational technique of determining the sense of rotation for galaxies, even when their Hi disks are not fully resolved. We examined the spin vector distribution of these 54 galaxies for evidence of preferential galaxy alignments. We use the Kuiper statistic, a variant of the Kolmogorov-Smirnov statistic, to determine the significance of any anisotropies in the distribution of galaxy spin vectors. The possibility of "spin vector domains" is also investigated. We find no significant evidence of preferential galaxy alignments in this sample. However, we show that the small sample size places weak limits on the level of galaxy alignments.
Introduction
The search for galaxy alignments has a long history, beginning with searches for alignments in "Spiral and Elliptical Nebulae" during the late 19th Century. Recent scrutiny of the problem has been motivated by the understanding that establishing the level of galaxy spin vector ( L) alignments could offer an additional constraint on various theories of galaxy formation and evolution. For example, "top-down" scenarios of Large-Scale Structure formation can lead to ordered distributions of angular momentum on cluster and supercluster scales through a variety of mechanisms (Zel'dovich 1970 , Doroshkevich & Shandarin 1978 , White 1984 , Colberg, et al. 1998 . In addition to galaxy L alignments resulting from various formation mechanisms, galaxy L alignments may also be the evolutionary result of anisotropic merger histories (West 1994) , galaxy-galaxy interactions (Sofue 1992) , or strong gravitational gradients (Ciotti & Dutta 1994 , Ciotti & Giampieri 1998 . For a summary of the history of the field, see Djorgovski (1987) and Cabanela & Aldering (1998) [hereafter Paper I] .
Observational support exists for some forms of galaxy L alignments with surrounding large-scale structure. For example, Binggeli (1982) discovered that the major axes of cD galaxies tended to be aligned with the axes of their parent cluster. However, most previous searches for galaxy alignments have had results that one could describe as negative or statistically significant but not strongly so. One complication in earlier efforts has been that most have not truly determined L, but rather simply used the position angle (and sometimes ellipticity) of the galaxies in an attempt to determine the possible distribution of L. However, for each combination of galaxy position angle and ellipticity, there are four solutions for the true orientation of the galactic angular momentum axis ( L). This degeneracy in L can only be removed by establishing both which side of the major axis is moving toward the observer and whether we are viewing the north or south side of the galaxy, where "north" is in the direction the galaxy angular momentum vector. Therefore previous studies have either restricted themselves to using only position angles of galaxies, or they have often taken all four possible solutions of L with equal weight (Flin 1988 , Kashikawa & Okamura 1992 .
Several studies have been published regarding searches for alignments using completely determined galaxy angular momentum axes. Helou & Salpeter (1982) used Hi and optical observations of 20 galaxies in the Virgo cluster to show that no very strong L alignments exist. However, a followup to this study by Helou (1984) found evidence for anti-alignments of spin vectors for binary pairs of galaxies in a sample of 31 such pairs. Hoffman et al. (1989) briefly investigated the possibility of galaxy alignments by plotting up the L orientations for ∼ 85 galaxies with fully determined spin vectors from their Virgo cluster sample and found no obvious alignments. Most recently, Han, Gould, & Sackett (1995) used a sample of 60 galaxies from the Third Reference Catalogue of Bright Galaxies (de Vaucouleurs et al. 1991 , hereafter referred to as the RC3) in the "Ursa Major filament" and found no evidence of galaxy alignments.
There are several criticisms one can level against these earlier studies. All the studies attempted to use relatively small samples to map out orientation preferences over the entire sky. Thus only very strong L alignment signatures could have been discovered via this method. The samples were selected using source catalogs with "visual" criteria which may have led to a biased sample. For example, as noted in Paper I, the source catalog for the "Ursa Major filament" study, the RC3, suffers from the "diameter-inclination effect," which leads to a strong bias for preferentially including face-on galaxies over edge-on galaxies of the same diameter (Huizinga 1994) . Finally, no attempt was made to consider the positions of the galaxies within the local large-scale structure before looking for alignments. Considering that the local mass density is critical for determining which alignment mechanism may be dominant, an attempt should be made to look for L alignments relative to local large-scale structures. This study is an attempt to avoid some of the issues citied above and obtain a sample of galaxies with well determined L in various environments in a supercluster using a mechanically-selected sample of galaxies.
For this study, we selected a subsample of the Minnesota Automated Plate Scanner Pisces-Perseus galaxy catalog (hereafter MAPS-PP), which is a true major-axis diameterlimited catalog built using automated, mechanical methods and does not exhibit the "diameter-inclination" effect (see Paper I). We determined the L orientation for the galaxies in this subsample using Hi observations. The sample selection criteria are outlined in Section 2. The analysis methods are discussed in Section 3. Section 4 discusses the results of the data analysis. Our interpretation of these results is provided in Section 5.
Data
The galaxy sample for this study was selected from the MAPS-PP. The MAPS-PP catalog was designed to avoid several of the pitfalls of previous attempts to measure galaxy orientations. The MAPS-PP contains ∼ 1400 galaxies in the Pisces-Perseus Supercluster field with (roughly) isophotal diameter >30 ′′ constructed from digitized scans of the blue and red plates of the Palomar Observatory Sky Survey (POSS I). By using a mechanical measure of the diameter, this catalog avoids the "diameter-inclination" effect seen in both the Uppsala General Catalog (Nilson 1974 , hereafter UGC) and the RC3. The MAPS-PP also uses a two-dimensional, two-component fit of the galaxy light profile in order to obtain a more accurate position angle and ellipticity measurement for the component of the galaxy with most of the angular momentum (e.g. -the disk in spirals). Such a full two-dimensional fit has been shown (Byun & Freeman 1995) to be very effective at recovering the image parameters in situations were a simple ellipse fit fails (e.g. -edge-on spirals with a large bulge). More details as to the construction of the MAPS-PP are available in Paper I.
Selection Criteria
For this study, we selected a subsample of the MAPS-PP that could have their L determined through Hi observations and at the same time could probe the galaxy L orientations relative to the large-scale structure of the Pisces-Perseus Supercluster (hereafter PPS). Hi observations can determine which side of the major-axis is approaching us, reducing the four-fold degeneracy in the L to two solutions. However, because of the great distance to the PPS (cz ≈ 5500 km s −1 ), the POSS I images don't generally have enough detail to make out spiral arm structure, so determining if we were viewing the north or south side of a galaxy would be difficult without re-imaging the galaxies. Instead, we choose to constrain the inclinations of the galaxies in our subsample to be edge-on. This means we effectively reduce the two-fold degeneracy in L solution to a single solution and simultaneously we reduce the galaxy alignments analysis problem from a full three-dimensional problem to a much simpler one-dimensional problem. And because the PPS plane itself is viewed very close to edge-on (Giovanelli & Haynes 1988) , we are simplifying the problem without losing the ability to probe the angular momentum distribution in relationship to the PPS plane. The primary requirement for including a MAPS-PP galaxy in this study was therefore an ellipticity greater than 0.66.
Other criteria for selecting a MAPS-PP galaxy for our Hi program were based on observational considerations. To ensure the galaxy could be observed from Arecibo, the Declination was required to be less than 36
• . An O (blue) major-axis diameter between 44 ′′ and 100 ′′ was needed so that the Hi disk of the galaxy was not too small to be targeted on both sides by the Arecibo beam and not too large to be fully sampled. The galaxy was required to be within 2.25
• of the PPS midplane (as determined in Paper I) and if the redshift was known, it needed to be between 3500 − 7000 km s −1 in order to increase the chances it was a true PPS member. Finally to reduce the sample size, we selected galaxies with O magnitude brighter than 17. This MAPS-PP subsample consisted of 105 galaxies.
The MAPS-PP subsample was cross-identified with the NASA/IPAC Extragalactic Database (NED) in order to obtain previous radio flux measurements and redshifts.
1 We also examined the field around each subsample galaxy and eliminated those in crowded fields, which led to a final MAPS-PP subsample of 96 galaxies (which will hereafter be referred to as the Arecibo sample), listed in Table 1 .
Hi Observations
We obtained 21cm line spectra with the 305m Arecibo telescope of the National Astronomy and Ionosphere Center over 14 nights between August 6 and August 20, 1998.
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The new Gregorian feed was used with the narrow L band receiver using a 25 MHz bandpass centered on 1394 MHz (1024 channels). One observation was performed using a 50 MHz bandpass centered at 1400.5 MHz. The beamsize of the 305m Arecibo dish is approximately 3.3 ′ FWHM.
For each of our Arecibo sample galaxies, we made two sets of ON-OFF observations, one 90
′′ to the east of the central position along the major-axis, and a corresponding observation to the west of the galaxy center. Typically, 5 minute integrations were used for each observation, although some galaxies were re-observed to allow better measurement of their weak flux and others known to be bright in Hi were observed with shorter integrations.
Preliminary data reduction was performed using ANALYZ at the Arecibo facility. For each observation, the two polarizations were averaged together. For each galaxy we then archived both the sum of the east and west (E + W ) spectra and the difference (in the sense east minus west). It is the difference (E − W ) spectra that can be used to determine the spin vector, by allowing us to determine which side of the major-axis is moving toward us relative to the galaxy center. Of the 96 galaxies in the original sample, 6 were not observed, 16 were not detected in Hi, 3 suffered from strong radio frequency interference (RFI), and one suffered from a distorted baseline. We therefore had a total of 70 galaxies for which there were good detections.
Subsequent data reduction was performed on the 70 galaxies for which good E + W detections existed. The spectra were Doppler corrected and the fluxes corrected for gain differences with zenith angle and changes in system temperature. A visual estimate of each galaxy's redshift was made and then radio frequency interference (RFI) within 750 km s −1 of the line was 'removed' from the spectra. RFI 'removal' was performed interactively and the RFI was replaced with a linear interpolation between the two endpoints of the spectra. Noise was added to the linear interpolation, using the surrounding spectral channels to determine the noise level. Both the E + W and E − W spectra were baseline corrected using a linear fit to non-Hi line channels within 500 km s −1 .
We determined the Hi line properties of the galaxy using the E + W spectra. All velocities follow the optical convention, v = c∆λ/λ 0 , and are adjusted to be in the heliocentric frame. The flux-weighted mean velocity, v 0 , of the galaxy as well as the line flux is computed. The line width used the mean of the line widths at a threshold of 50% of the boxcar equivalent flux and at a threshold of 20% the maximum flux determined by using a outward searching algorithm (Lavezzi & Dickey 1997) . The reported line width has been corrected for noise and channel width using the method outlined in Lavezzi and Dickey (1997) .
Determination of Galaxy Spin Vector Directions and Uncertainty
The direction of the galaxy's spin vector was determined by taking the first moment of the E − W spectra, µ E−W , where
where v min and v max are the minimum and maximum velocity of the line respectively, v 0 is the flux-weighted mean velocity of the galaxy, and f E+W (v) and f E−W (v) are the fluxes of the E + W and E − W spectra respectively. Negative µ E−W implies that the eastern side of the galaxy is approaching us relative to the galaxy center, meaning the galaxy's L points northward. Positive µ E−W implies L points to the south.
The uncertainty in µ E−W due to bad baseline and spectral noise was measured using two variants of the normal first moment. To determine the effect of spectral noise on the first moment, we computed µ of f set , where we measure the first moment of the flux outside the line by conserving ∆v = (v max − v min ), but offset the v 0 , v min , and v max in equation 1 to lie outside the line (see Figure 1) . This gave us a measure of the contribution of spectral noise (presumably similar outside the Hi line as inside) to the value of µ. To determine the effect of uncertainty in the baseline fit to the first moment determination, we also computed µ wide , where we find the 1st moment about v 0 of the flux outside the line . We then scaled this by ∆v/∆v outside to determine the amount of µ E−W uncertainty due to uncertainty in the baseline fit. Both µ of f set and µ wide are illustrated in Figure 1 . µ of f set and µ wide measurements suggest that galaxies with |µ E−W | < 15 km s −1 should be considered to have undetermined spin (see Figure 2 ).
To confirm that the E − W spectra are the result of gas being observed on both sides of the major axis, we also computed the cross-correlation, P cc , of the E + W and E − W spectra,
since we would expect that the E + W and E − W spectra would be orthogonal in those cases where the flux is from both the eastern and western positions. We have empirically found that if P cc > 0.4 the E − W flux was likely to be entirely from only one position and thus the spin measurement should be considered undetermined. It should be noted that this process will not eliminate observations of galaxies with an asymmetric Hi distribution if there is significant flux in both the eastern and western positions. Such a asymmetric Hi distribution would affect the mean velocity, v 0 , and thus may affect the amplitude of µ E−W , but it should not change the sign of µ E−W , which is the observable we use later.
The final dataset had 54 galaxies with well determined spin vectors out of the 70 galaxies with good Hi detections (see Table 2 ), 16 galaxies having been rejected from the sample due to either large P cc or small µ E−W . For these galaxies, we computed
which is the projection of L on the plane of the sky. Since the Arecibo sample is chosen to be nearly edge-on, θ L is essentially a complete description of L, allowing simple one-dimensional statistical analysis to be used for what is normally a three-dimensional problem.
Data Analysis Methods

The Kuiper Statistic
Identification of anisotropies in the observed θ L and θ distributions was initially done by using the Kuiper V statistic, which is a two-sided variant of the Kolmogorov-Smirnov (K-S) D statistic (Press et al. 1992) . We use the Kuiper V statistic because the K-S D statistic can systematically underestimate the significance of differences between the observations and the models, especially if the differences are near the ends of the distribution (Press et al. 1992) . For this test, we compare the cumulative distributions of a variable, x (such as θ L , ∆θ L , etc.), in the observed sample, S(x), with that for a model of 100000 randomly-oriented galaxies, S m (x). The Kuiper statistic, V , is then defined as
the sum of the absolute values of the maximum positive (D + ) and negative (D − ) differences between S(x) and S m (x). 3 V is essentially a measure of the difference between two distributions (see Figure 4) . If the number of degrees of freedom is known a priori, a simple functional form exists for the probability, P (V ), that the two samples whose cumulative distributions differ by V were drawn from the same parent distribution (see Press et al. 1992 , for example). Therefore, if we are comparing the distribution of x for the observed sample to that of a modeled, randomly-oriented sample, we have a way of estimating the probability that the observed sample is drawn from an isotropic distribution. In this study, we considered a distribution's anisotropy significant if the probability, P (V ), that the Arecibo sample could have been drawn from the randomly-oriented sample was less than 5%.
In those cases where the number of degrees of freedom is not well determined a priori, we used Monte Carlo comparisons of the observations with 1000 model samples of equal size. This was necessary in order to avoid overestimating the significance of an observed anisotropy. We model a randomly oriented distribution of galaxies by taking the observed sample, randomly reassigning the observed P cc and µ values to various galaxies (µ is determined by randomly reversing the sign of |µ|), and then randomly generating the major-axis position angle, θ. This model kept the spatial distribution of the original sample and the Hi observational selection effects while otherwise being a completely randomly oriented model. Comparison of the real distribution of a variable versus its distribution in the 1000 Monte-Carlo samples is used to determine the significance of an anisotropy in some of the more complicated distributions discussed in section 4.
Results and Analysis
Probing for Global Spin Vector Alignments
As a followup to the work done in Paper I, we initially examined some of the distributions similar in nature to the ones investigated that study. We divided the entire MAPS-PP and Arecibo Samples into 3 subsets each: the high density subset, the low density subset, and the complete sample. The high and low density subsets were created using surface density estimates, Σ, from the MAPS-PP catalog to compute the median surface density. The high and low density subsets include all galaxies with Σ greater than and less than this median value, respectively. For the MAPS-PP subsets we tested the θ-based distributions, whereas for the Arecibo subsets, we tested the θ L -based distributions. Examinations of the θ L and θ distributions show no significant anisotropy in any of the Arecibo or MAPS-PP subsets. Similar results were seen for distributions of θ L and θ relative to other critical angles including the following:
• ∆θ L (1) and ∆θ(1): the difference of θ L and θ, respectively, between nearest neighbor galaxies in that sample. Note that ∆θ(1) is used in the Arecibo sample only to separate the significance of any ∆θ L (1) alignments from any ∆θ(1) alignments.
• ∆θ L (Geo): the difference of θ L from the geodesic to the nearest neighbor galaxy.
• ∆θ L (Ridge): the difference of θ L from angle of the Pisces-Perseus Supercluster ridgeline at its nearest point (as determined in Paper I).
• ∆θ L (GC − X): the difference of θ L from the galaxy concentration position angle built using a percolation length of X arcminutes (galaxy concentrations groupings of galaxies identified using a 2 dimensional friends-of-friends algorithm (redshift is ignored), see Paper I for details).
• ∆θ L (GCR − X): the difference of θ L from the radial line to the center of the galaxy concentration built using a percolation length of X arcminutes.
These results, shown in Table 3 , support the observations in Paper I in that no simple θ or θ L alignments appear to be present. Examination of the ∆θ L (GC − X) distribution does not support the tentative anti-alignments seen in Paper I. We looked for 'twisting' of ∆θ L (Ridge) versus distance from the PPS ridgeline, and could not corroborate this signal seen in the ∆θ(Ridge) distribution of the MAPS-PP in Paper I. We note that the Arecibo sample is considerably smaller that the MAPS-PP, so we cannot rule out the trends seen in Paper I, but we simply cannot support them.
Probing for Spin Vector Domains
An initial visual inspection of the plot of the distribution of θ L on the sky ( Figure 5 ) appears to show some θ L alignments. Specifically, in many cases if you pick a galaxy at random and then compare its θ L with that of nearby galaxies, the difference is often less than 90
• . It appeared to the authors that there was a visual impression of the PPS being divided up into "spin vector domains," regions with preferred L orientations. Because visual impressions are subjective, we devised tests to look for possible spin vector domains as well as looking for the alignments of the sort reported in Paper I for the galaxy major-axes.
We attempted to confirm visual impression of L domains seen in Figure 5 by examining the orientations of several nearest neighbors, instead of just the nearest neighbor. To this end, we computed the ∆θ L (N) distribution, which is the summed distribution of ∆θ L (respectively) for the N closest galaxies within 3
• of each galaxy . If L domains exist, the ∆θ L (N) distribution should be peaked toward the lower values of ∆θ L (N).
Because the ∆θ L (N) distribution about one galaxy is not independent of the distribution about that galaxy's nearest neighbors, the number of degrees of freedom is uncertain a priori. This means that the standard function to determine the probability, P (V ), of two distributions being identical doesn't work. Instead, we gauge P (V ) by generating 1000 Monte Carlo samples and computing the Kuiper V statistic of their ∆θ L (N) distributions. By comparing the value of V for the observed sample with the distribution of V in the 1000 Monte Carlo samples, we have an estimate of the likelihood that a greater value of V is obtained, P (V ). We therefore use P (> V ) in leu of the P (V ) used in cases where we know the number of degrees of freedom.
We examined the ∆θ L (N) distributions for the N closest galaxies of the Arecibo samples, for N ranging from 3 to 10. These samples show no significant anisotropy when compared to Monte Carlo generated datasets, indicating that the visual impression of L domains is either incorrect, or the L domains are too weakly aligned to confirm with this test.
Because in Paper I only a simple nearest neighbor test was performed, we also examined the ∆θ(N) distribution for the MAPS-PP samples, in order to see if L domains might be visible in the larger MAPS-PP dataset. We found that for N ranging from 3 to 10, the ∆θ(N) distributions showed no evidence of significant anisotropies. This appears to indicate that it is unlikely that L domains exist in the Pisces-Perseus Supercluster.
Establishing Limits on Galaxy Alignments
In order to quantify the largest anisotropic signature that could remain "hidden" from our statistical techniques, we performed a simple simulation. We generated samples drawn from random 'sinusoidal' distributions described by the probability distributions
and
where α is the amplitude of the 'sinusoidal' component of the probability in percent. In these two distributions, Θ represents either the expected θ or θ L distributions in the cases of large-scale alignments (equation 6), or the ∆θ and ∆θ L distributions in the cases of alignments (equation 6), anti-alignments (equation 6) or both (equation 5) between nearby galaxies. Using these two distributions, we can generate samples with a predetermined amplitude, α, for the alignments present and then compute the value of P (V ), the probability of the sample having been drawn from a random sample. By repeatedly doing this, we can determine the distribution of P (V ) for a given α and sample size.
For samples of 30, 54, 100, 615, and 1230 galaxies (the sizes of our subsets as noted in Table 3 ), we computed the P (V ) distribution for 100 generated Θ samples with amplitudes, α, ranging from 0% to 100% in steps of two percent (see Figure 7) . We then examined at which point 95% of the P (V ) distribution dropped below 0.05, our criterion for calling a distribution significantly anisotropic. This gave us an estimate of the largest amplitude sinusoidal anisotropy that could have been missed, which we call α 95 . α 95 is therefore the smallest amplitude of a sinusoidal anisotropy for which there is a 95% chance of detection given the criteria of P (V ) < 0.05.
For our Arecibo sample, we find that with 54 galaxies α 95 ≈ 0.75, therefore we can only eliminate global spin vector alignments with sinusoidal amplitudes greater than 75%. This sample does not place very strong limits on level of any spin vector alignments present. With the 1230 galaxies in the MAPS-PP catalog, we find α 95 ≈ 0.15. Therefore we can eliminate the possibility of galaxy major-axis alignments at amplitudes greater than 15%. Major-axis alignments place very weak limits on the level of spin vector alignments due to the fact that the orientation of the major-axis of the galaxy, with no additional information, only restricts the spin vector to a plane. However, if there is a spin vector alignment, it must be reflected in the major-axis distribution of the edge-on galaxies. We find that in a subsample of 729 MAPS-PP galaxies restricted to ǫ > 0.50, there is no significant major-axis anisotropy of any sort. For a sample of 729 galaxies, we find α 95 ≈ 0.20, therefore, we can confidently state that there are no spin vector alignments with sinusoidal amplitude greater than 20% (within the uncertainty due to the two-fold degeneracy in mapping major-axis position angle to spin vector).
We would like to have computed α 95 for the spin vector domain tests in order to gauge their sensitivity but it was computationally too expensive.
Conclusions
We have constructed the only catalog of well determined spin vectors for galaxies in the Pisces-Perseus Supercluster. Our study is the first radio study that explicitly looks at the spin vector distribution of galaxies in a supercluster and was optimized toward that end.
We developed a simple technique for obtaining spin vector determinations and accessing the level of uncertainty in the spin vector determinations due to both spectral noise and uncertainty in fitting the continuum. We were intentionally rather conservative in our data selection criteria, possibly rejecting several well measured spin vectors.
There are several problems currently hampering the determination of the angular momentum distribution of galaxies relative to each other and to the surrounding large-scale structure. One major problem is that we do not have a very clear understanding of the internal extinction in galaxies and its effect on the appearance of the galaxy with changing inclination. Therefore, it is very difficult to accurately determine the inclination of a galaxy based solely on its ellipticity and position angle. This also makes it more difficult to construct a proper volume-limited sample for a large-scale angular momentum study. One could obtain redshifts for all the galaxies in a diameter-limited or magnitude-limited galaxy catalog and select a volume-limited subsample, but without a clear understanding of internal extinction, we cannot correct magnitudes and diameters for inclination.
We compensated for these uncertainties of the effects of internal galaxy extinction by restricting our sample to highly edge-on galaxies. This had the added benefit of making the Hi spectra of the galaxies as broad as possible, and thus making it easier to determine the L orientation. We note that this restriction to edge-ons could make reduction of alignments relative to large-scale structure difficult, since we would be restricting analysis to galaxies with L in the plane of the sky. However, in this study, the edge-on orientation of the Pisces-Perseus Supercluster means our sample galaxies' L lie in the plane perpendicular to the supercluster plane, which is advantageous for reducing the complexity of the analysis. This does reduce our sensitivity to any L alignments that lie outside the plane of the sky. For example, if galaxies' L are preferentially oriented in a given direction within the plane of the Pisces-Perseus Supercluster (e.g. toward a cluster in the supercluster plane) rather than simply being restricted to that plane, we may not detect such an alignment in our sample, since we restrict L of sample galaxies to the plane perpendicular to the supercluster plane. It would be interesting to perform similar observations of a "face-on" version of Pisces-Perseus, where we would then be restricting L to the supercluster plane and possibly investigating a new class of L alignments.
The technique we outline for obtaining spin vector measurements could be applied to quickly obtain L measurements for many galaxies in superclusters other than Pisces-Perseus. It is also notable that this technique could be transferred to multi-fiber spectroscopy. By assigning two fibers to each galaxy, one could simultaneously determine the L directions of many galaxies much more quickly than a comparable line slit spectrograph observations. No rotation curve information would be available, but it would allow quick collection of a large sample of well determined galaxy L.
Our examination of the L distribution of galaxies in Pisces-Perseus provides no support for any form of anisotropic L distribution. We do not provide confirmation of the possible L alignments noted in Paper I for the major-axis distributions of Pisces-Perseus galaxies. Given the relatively small size of the Arecibo sample, rather large anisotropies in the spin vector distribution of the Arecibo sample (see Section 4.3) could remain undetected with our technique. We do note that by using a sample of 729 nearly edge-on galaxies from the original MAPS-PP catalog, we feel we can restrict the sinusoidal amplitude of any spin vector anisotropy present to be less than approximately 20% the background 'random' distribution, at least in the plane perpendicular to the Pisces-Perseus supercluster ridge. It is unclear at what level galaxy L alignments might be expected as no recent simulations have been designed with the goal of estimating galaxy alignments. We expect that if galaxy alignments are produced by large-scale structure formation, the alignments would be strongest in areas of low density, where the relative scarcity of subsequent galaxy-galaxy interactions suggests the initial L distribution would be better preserved. However, as noted in the introduction, galaxy alignments can arise from a variety of evolutionary processes, in both high and low density environments. It would be interesting if in modern computer simulations of galaxy evolution, the angular momentum of the resulting galaxies was investigated for L alignments and predictions as to the amplitude (and type) of any anisotropies in the L distribution were made.
As we showed in Section 4.3, sample sizes need to be large (on the order of at least 500 galaxies) in order to unambiguously detect weak alignments. There are two paths toward increasing the sample size. We could examine a denser cluster with a greater number of targets satisfying our edge-on criteria such as the Coma cluster. It would be interesting to investigate the possibility of tidally induced galaxy alignments in denser environments as predicted by Ciotti and Dutta (1994) and Ciotti and Giampieri (1998) . The only previous study looking for galaxy alignments in Coma was plagued by stretched imaging (Djorgovski 1987) , so alignment results for this cluster are still unclear. Our other option for increasing sample size is to develop a better understanding of the internal extinction in galaxies so that we could use galaxies of all inclinations. The first author is currently investigating using image parameters of a large number of galaxies obtained using the APS database in order to better determine the internal extinction properties of galaxies.
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